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Cooling device for MR apparatus 



This invention relates to a cooling device for cooling a superconducting coil 
assembly in an MR apparatus, comprising a cooling chamber adapted to contain a cooling 
agent which is in theraial contact with the superconducting coil assembly, a refrigerator for 
cooling the cooling agent and an MR apparatus Vith a respective cooling device. The 
5 invention further relates to a cooling method for cooling a superconducting coil assembly in 
an MR apparatus, wherein the superconducting coil assembly is cooled using a cooling agent 
being in thermal contact with the superconducting coil assembly in a cooling chamber, die 
cooling agent being cooled by a refrigerator. 

10 

Cooling devices as described above are well known in the art, a description of 
which can be taken from US 5,410,286. Such cooling devices are used for cooling down a 
superconducting coil assembly in order to achieve a respective low temperature, at which the 
superconducting material of the coil assembly has superconducting properties. In this state, 

15 the coil is able, due to the absence of electrical resistance in the cold magnetic coils, to 

produce and maintain a strong magnetic field. Since an increase of temperature immediately 
leads to an increase in electrical resistance in the coil, which again induces heat and therefore 
leads to further increase of temperature, it is essential, to keep the temperature in the 
prescribed low range. Usually, the coils are enclosed in a cooling chamber filled with a liquid 

20 and/or gaseous cooling agent. The coils are preferably embedded in a liquid bath of the 

cooling agent, e.g. helium, having a temperature of aroimd 4K at atmosphere pressure, which 
is appropriate for the superconducting materials commonly used in MRI magnets. To 
maintain the liquid heUum at this cryogenic temperature, a refrigerator is used to compensate 
for heat transfer due to non-ideal isolation. Usually, the refiigerator is adapted to provide 

25 sufficient cooling power to allow zero-boil-off operation. In such zero-boil-off operation the 
refiigerator has a cooling capacity which is sufficient for cooling the helium in normal use in 
such a way, that the temperature is kept within a prescribed range. 

However, in certain circumstances, irregularities may occur, which can affect 
the cooling behavior of the cooling device. As such, the cooling efficiency might be lowered 
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or even completely stopped due to defects, power breakdowns, leakages or other events 
leading to a partial or complete shut down of the refrigerator or increased heat transfer into 
the cooling agent. 

5 agent increases, resulting in an increase of pressure inside the cooling chamber. Consequently 
it is usually required to release helium out of the cooling chamber, being only able to load a 
certain pressure inside. Consequently, a loss of heliimi occurs each tune when such an 
irregularity happens. To assure the coil always being embedded in liquid helium a refill 
procedure has to take place at certain time mtervals, to compehsate for this loss of heliufia. 

10 This refill procedure requires additional management efforts and leads to down times of the 
MR device. As a result, the ejBficiency of the device is lowered and operational costs increase. 

Moreover, since global helium resources are limited, a loss of helium should 

be avoided. 



15 

Thus, it is the object of this invention to provide a cooling device with reduced 

loss of cooling agent. 

This object is achieved according to the mvention by a cooling device as 
described in the preamble of claim 1 having a cooling agent storage in fluid connection witii 
20 the cooling chamber, the storage being adapted to take up cooling agent firom the cooling 
chamber, when at least a part of the cooling agent in the cooling chamber exceeds a first 
predetermined temperature and to return cooling agent to the cooling chamber when at least a 
part of the cooling agent in the cooling chamber remains under or is equal to a second 
predetermined temperature. 
25 The use of the proposed cooling agent storage allows to store the cooling agent 

in operational conditions, in which it was usually blown off. By this, a loss of cooling agent 
is avoided. Furthermore, the cooling device according to the invention allows an immediate 
return of cooling agent to the cooling chamber as soon as flie abnormal operational conditions 
have ended and tihie cooling device returns to normal operation. In this normal operation 
30 conditions the cooling capacity of the refrigerator usually allows to cool down additional 

cooling agent, which is refilled into the cooling chamber out of the cooling agent storage at a 
higher temperature than the cooling agent in the cooling chamber itself. 

The cooling device according to the invention provides a closed system, in 
vv^hich1h:exoaling-agentxan-be-transfeff^d4o-&e-c0 
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operation conditions, which required a blow off of cooling agent in the state of the art. The 
cooling agent can be stored in the cooling agent storage at a higher temperature than the 
temperature of the cooling agent in the cooling chamber. As soon as the cooling device 
returns to normal operation conditions or additional cooling capacity is provided in the 
system^ the cooling agent stored in the cooling agent storage can be retransferred into the 
cooling chambCT and thereby cooled down to a temperature level according to the 
temperature of the cooling agent which remained in the cooling chamber. 

The cooling device is particularly advantageous when used in systems having 
a cooling capacitj^ sufiBlcient to be operated ^t zero-boil-ofif. In such systems, an increase and 
decrease of the temperature of the cooling agent in at least a part of the cooling chamber will 
occur due to a difference of the cooling power introduced into the cooling chamber by the 
refrigerator and the sum of the heat transfer into the chamber and the heat induction in the 
chamber. For example, increased heat transfer due to a defect insulation or decreased cooling 
power will induce a temperature increase and the liquid cooling agent in the cooling chamber 
to tum to gas. This will inomediately lead to a transfer of cooling agent into the cooling agent 
storage. By this, a temperature increase in the whole cooling chamber is avoided. Vice v^a 
the cooling agent will be retransferred as soon as tibie cooling power increases and exceeds the 
sum of the heat transfer into the cooling chamber and the heat induced in the cooling 
chamber effecting the gaseous cooling agent in the cooling chamber to condense at tiie 
cooling surface. 

In a preferred embodiment according to the invention the cooling chamber is 
adapted to contain cooling agent in a liquid and a gaseous condition and the fluid coimection 
is connected to a part of the cooling chamber which is adapted to contain gaseous cooling 
agent. This embodiment is particularly advantageous, when the superconducting coil 
assembly is embedded in the liquid cooling agent, which assures, that the superconducting 
temperature of the coil material is maintained even in periods of abnormal operation 
conditions, such as failure of the refrigerator. Providing the fluid coimection in a part of the 
cooling chamber containing gaseous cooling agent allows for transferring only gaseous 
cooling ageut to the cooling agent storage and avoids the transfer of cryogenic, liquefied 
cooling agent By this, an easy control of the pressure inside tiie cooling chamber is achieved 
and an excessive loss of cooling agent, in particular liquid cooling agent, is avoided. 

According to another preferred embodiment of the invention, means for 
controlling the take up and return of the cooling agent by a signal derived fi-om the pressure 
of the cooling agent in the cooling chamber are provided. 
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The cooling agent contained in the cooling chamber according to the invention 
has a higher pressure than the surrounding atmosphere pressure, as it is well known from 
state of the art cooling devices. By this, it is prevented, that contaminants can be drawn into 

t hft non l ing chamber out of the ext OToralmSsprOreTTg-^ 

5 the cooling chamber, the cooling chamber is sealed against the exterior atmosphere. 

Abnormal working conditions such as increased heat induction in the cooling chamber or 
lowered cooling capacity of the refrigerator, induce an expansion of the gaseous cooling 
agent and/or a transition of liquefied cooling agent into the gaseous condition. By this, a 
pressure increase mside the cobling chamber is induced, Vhich allows for deriving a signal to 
10 control take up and retum of the cooling agent. Using this signal, a transfer of the cooling 
agent to the cooling agent storage and a return from the cooling agent storage to tiie cooling 
chamber can be easily controlled by the pressure of the cooling agent inside the cooling 
chamber. 

In another preferred embodiment of the invention the refrigerator comprises a 
1 5 cooling surface in tiiermal contact with the cooling agent, the cooling surface extending into 
the cooling chamber, in particular into that part of the cooling chamber which is adapted to 
contain gaseous cooling agent. A simple arrangement of the refrigerator cooling the cooling 
agent within the cooling chamber is thus achieved. The embodiment fijrther avoids multiple 
fittings required for other refrigerator arrangements, in which the cooling agent has to be 
20 - piped to an external cooling surfece. As far as the cooling surface extends into that part of fh^ 
cooling chamber containing gaseous cooling agent, a simple internal cooling cycle inside the 
cooling chamber is achieved, in which gaseous cooling agent is cooled down in a region 
around the cooling surface, thereby condensing at the cooling surface and dropping into the 
bath of liquid cooling agent. 
25 In another preferred embodiment the cooling agent storage includes a 

gasometer for storing the cooling agent at a constant predetermined pressure. TTie use of a 
gasometer for storing the cooling agent allows a simple and safe storage. A risk of explosion 
of the storage, as always present, when highly compressed medium is stored in a closed 
storage of constant volimae, is avoided, since the gasometer is able to increase its storage 
30 volume according to the volume of tite introduced cooling agent into the gasometer. 

Furthermore, in a similar fashion as in a storage of constant volume, cooling agent can be 
released out of the storage , when a obtain amount of cooling agent inside the storage is 
exceeded. 
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According to another preferred embodiment of the invention the cooling agent 
storage comprises a pressure tank in fluid connection with the cooling chamber for taking up 
the compressed cooling agent, a compressor means interposed in a fluid connection between 
the cooling chamber and the pressure tank for compressing fhe cooling agent exiting the 
5 cooling chamber and a pressure reduction means interposed in a fluid connection between the 
cooling chamber and the pressure tank for reducing the pressure of the cooling agent 
returning to the cooling chamber. By this, a space saving cooling device is realized, since the 
compression of the cooling agent and its storage in a pressure tank allows to store a large 
mass of cooling agent in a rather Imall space. The cooling rfgent can be compressed sb far, 
10 that it reaches a liquid condition and can be stored in this liquid condition, thereby storing a 
large mass of cooling agent in a smaller space in comparison to the storage in a gasometer. 

Since the cooling agent m the cooling chamber is usually at a pressiure being 
only slightly above the atmosphere pressure and the compressor means compress the cooling 
agent to a pressiure being well above the pressure of the cooling agent in the cooling chamber 
IS it is required to reduce the pressure of the cooling agent before it is refilled into the cooling 
chamber. The pressure reduction means for achieving this pressure reduction might be a 
valve or throttle for example. 

In anothw prefenred embodiment of the invention the cooling agent stomge is 
adapted to contain the cooling agent in a gaseous condition. This embodiment is preferred, 
20 when a safe and cost effective storage is needed. Storing the cooling agent in a gaseous 
condition allows a storage at atmosphere pressure or low above fliis pressure and room 
temperature or traaperatures below but close to room temperature. 

Finally, in a last preferred embodiment, the cooling chamber and the cooling 
agent storage are adapted to contain helium as cooling agent Helium is particularly useful for 
25 use as cooling agent, since helium has in the liquid/gaseous condition at atmosphere pressure 
(approx. 1013mbar) or slightly above atmosphere pressure a temperature of around 4K (4^ 
above absolute zero). This temperature is sufficient to cool a variety of superconducting 
materials to a temperature, at which they have sup^conducting properties. 

Another aspect of the invention is a cooling method for cooling a 
30 superconducting coil assembly in a MR apparatus, wherein the superconducting coil 

assembly is cooled using a cooling agent being in thermal contact with the superconducting 
coil assembly in a cooling chamber, the cooling agent being cooled by a refiigerator, the 
method comprising the steps of transferring cooling agent fix>m the cooling chamber to a 
cooling agent storage when a predetermined temperature is exceeded in at least a part of the 
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cooling agent in the cooling chamber and returning cooling agent from the cooling agent 
storage to the cooling chamber when the temperature of at least a part of the cooling agent in 
the cooling chamber is equal or less than the predetermined temperature. 

The cooling method accordingToTK&lnviai^^ ' 
superconductmg coil assembly without loss of cooling agent in times of abnormal opwation 
conditions- The cooling agent is kept within a closed system. The cooling method according 
to the invention can easily be pCTformed with known cooling devices, when they are 
additionally equipped with a cooling agent storage as described in the characterizing portion 
of claim 1. This allows an effective way tff cooling superconducting magnets in existing MR * 
apparatuses. 

The cooling method according to the invention can be further improved when 
the cooling agent is in gaseous and liquid condition in the cooling chamber and the transfer 
and return of the cooling agent in the gaseous condition is controlled using a signal derived 
from the pressure of the cooling agent inside the cooling chamber and the cooling agent is 
transferred from the cooling chamber to the cooling agent storage when a first predetermined 
pressure is exceeded in the cooling chamb^ and the cooling agent is retumed from the 
cooling agent storage to the cooling chamber when the pressure of the cooling agent in the 
cooling chamber is equal or less than a second predetermined pressure. 

This embodiment of the cooling method is particularly advantageous since 
usually the cooling agent is contained in a closed coolmg chamber at a first pressure above 
but close to atmospheric pressure. By this, even a small temperature increase in parts of the 
cooling agent leads to a pressure increase inside the closed cooling chamber. This pressure 
increase allows for easy detection of a partially temperature increase. As soon as the 
respective parts of the cooling agent are cooled to the desired, predetermined temperature or 
below this temperature, the pressure inside tiie cooling chamber returns to the respective 
second predetermined pressure or goes below this pressure. In this situation, cooling agent 
can be retransferred into the cooling chamber, to compensate the aforementioned loss of 
cooling agent. First and second predetermined pressure might be at identical pressure levels. 

In another preferred embodiment of the cooling method according to the 
invention the transferred cooling agent is compressed to be stored in a compressed state 
outside the cooling chamber and decompressed to be retumed into the cooling chamber. This 
embodiment allows for space saving storage of the cooling agent, since a large mass of 
cooling agent can be stored in a small space, when it is compressed prior to being introduced 
— rnto-lhe-storager^inee-the-ceohng^hambers-of-mosl^^ 
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operated at pressures close to atmospheric pressure, a decompression of the cooling agent is 
required before it can be retransferred into the cooling chamber. The compression might be 
achieved by a fan or blower. To achieve higher compression rates, a compressor or even a 
condenser can be used. Decompression might be achieved by a valve or throttle and has to be 
performed in a way, that it is adapted to the rate of compression inside the storage in relation 
to the pressure inside the cooling chamber. It has to be assured, that the decompression is 
performed in a way, that a predetermined pressure, usually being close to atmospheric 
pressure, inside tiie cooling chamber is not exceeded, when the cooling agent is retumed. 

Another Aspect of the invention is aih MR apparatus, comprising a 
superconducting magnet having a superconducting coil assembly and a cooling device as 
described above for cooling said superconducting coil assembly. 



Preferred embodiments of the invention will now be explained with reference 
to the accompanying figures, wherein 

Fig. 1 is a schematic representation of a first embodiment according to the 

invention. 

Fig. 2 is a schematic representation of a second ^bodiment according to the 

invention. 

Fig. 3 is a flow chart of a first preferred embodiment of the cooling method 
according to the invention, and 

Fig. 4 is a flow chart of a second preferred embodiment of the cooling method 
according to the invention. 



Referring to Fig. 1, a first embodiment of the invention comprises a MR 
Imaging device having a superconducting coil assembly 10 arranged inside a cylindrical 
cooling chamber 20. The coil assembly 10 and the cooling chamber 20 are shown in cross 
section in Fig. 1. The cylindrical cooling chamber 20 surrounds a cylindrical examination 
space 30 arranged to accommodate a person to be exanuned with tihie help of the MRI device. 

The cylindrical cooling chamber 20 comprises a dome 21 disposed at the 
upper side of the cooling chamb^ 20. The cooling chamber 20 is filled with helium in liquid 
41 and gaseous 42 condition. The amount of the helium in liquid condition 41 is such, that 
the coil assembly 10 is completely immersed in the liquid helium 41. The lower part 22 of the 
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cylindrical cooling chamber 20 is completely filled with liquid helium:, whereas in the upper 
part 23 of the cooling chamber 20 a certain level of liquid helium is reached and above this 
level gaseous helium 42 is preset. 

TBeraome"21 is arranged'in a wav that gaseouJTcSQling agratHscoU'ectea 
5 therein. Due to well-known physical effects and properties of fluids like this gaseous helium, 
in particular that amount of gaseous helium is collected in the dome which has a temperature 
lying above the temperature of the liquid helium and the gaseous helium in the upper part 23 
of the cooling chamber 20. 

A rej&igerator 50 is arranged in the vicinity of the cooling chamber 20. THe 
10 refrigerator 50 comprises a cooling surface 51 extending into the dome 21 of the cooling 
chamber 20. The temperature of the cooling surface 5 1 is controlled in a way that it Ues 
below the temperature which is required in the cooling agent to achieve the superconducting 
properties of the coil assembly 10. E.g., when a liquid helium temperature of approximately 
4K is sufficient for achieving superconducting properties of the coil assembly 10, the 
15 temperature of the cooling surface 51 might be 3,8K. However, a temperature of 4,2 to 4K of 
the liquid heliimi 41 is sufficient for most superconducting materials. Gaseous cooling agent 
above approx. 4,2K condenses at the cooling sur&ce 51 and drops due to gravity back into 
the bath of liquid helium 4L 

In the upper part of the dome 21 a first gas conduit is attached which first end 
20 fitting opens into the cooling chamber 20. The second end fitting of the gas conduit 60 is 
connected to a gasometer 70. In the gasometer 70 helium is stored at a pressure of 
approximately 300mbar above atmospheric pressure. 

The arrangement according to Fig. 1 provides for automatic transfer and 
retransfer of gaseous helium between the cooling chamber 20 and the gasometer 70 through 
25 the gas conduit 60. The transfer and retransfer is automatically controlled by the pressure in 
the cooling chamber, which is kept constant at approximately 300mpa above atmospheric 
pressure. As such, in times the cooUng capacity of the refrigerator going beyond the heat 
transfer into the cooling chamber, an immediate transfer of cooling agent to the gasometer is 
achieved by way of a leveling out of the pressure inside the cooling chamber and the pressure 
30 inside the gasomet^. 

Referring to Fig. 2, a second embodiment of the cooling device according to 
the invCTtion is shown. The embodiment of Fig. 2 is similar to that embodiment of Fig. 1 
with respect to the coil assembly 10, the cooling chamber 20, the refiigerator 50 and the 
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cooling agent 41, 42 inside the cooling chamber 20. Identical parts of Figs. 1 and 2 are 
labeled with identical reference numerals, a detailed description of which is omitted below. 

In contrast to the embodiment of Fig. 1, the embodiment of Fig. 2 is provided 
witii two gas conduits 60a', a", h\ b'\ A first part of the first gas conduit 60a' is connected 
5 to the upper part of the dome 21 and is arranged for transferring gaseous helium to a . 

compressor 80. The compressor 80 is designed to compress the gaseous helium to a pressure 
of approximately 100 bar. The compressed helium is stored in a compression-proof storage 
90. For this purpose, a second part of the first gas conduit 60a" connects the pressure side of 
the compressor 80 with the helium gas storage 90. • 
10 A second gas conduit 60b b " serves for retransferring helium gas from the 

heliimi gas storage 90 to the cooling chamber 20. In particular, the helium gas storage 90 is 
connected witii a pressure regulator 100 via a first part of a second gas conduit 60b'. 

The pressure regulator 100 throttles the helium gas to a pressure of 
approximately 300mbar above atmospheric pressure. The pressure regulator 100 is connected 
15 with the upper part of the dome 21 via a second part of the second gas conduit 60b". By this, 
throttled helium gas caa be retransferred fix)m the helium gas storage 90 via the pressure 
. regulator 100 into the cooling chamber 20. 

The such returned helium gas will usually have a temperature above the 
temperature of the helium gas inside the cooling chamber. Since the retumed helium gas is 
20 inserted into the dome close to the cooling surface 51 of the refiigerator, this gas is 

ixmnediately cooled down and condenses at the cooling surface 51, thereby reaching the 
tCTiperature reqxiired for cooling tihie superconducting coil assembly 10. 

The pressure regulator 100 is adapted to open and close the second gas conduit 
60b', b", depending on the gas pressiure in the second part of the second gas conduit 60b", 
25 which is coirespondiug to the gas pressure inside the dome 21, 

Furthermore, flie pressure regulator 100 is adapted to activate or deactivate the 
compressor 80 depending on this pressure signal. E.g., when a certain pressure, for example 
320mbar above atmospheric pressure, is exceeded in the second part of the second gas 
conduit 60b", respectively the dome 21, the compressor 80 is activated. As soon, as a second 
30 predetermined pressure, for example BOOmbar above atmospheric pressure, is underwent, the 
compressor 80 is deactivated. As soon as a third predetermined pressure , for example 
280mbar above atmospheric pressure, is underwent, the pressure regulator opens the second 
gas conduit 60b, thereby retransferring helium gas to the coolmg chamber. 
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It should be noted, that the respective pressure in the dome 21 corresponds to 
the pressure in the first part of the first gas conduit 60a'as well and therefore the pressure 
signal might alternatively be taken firom this part. 

RefCTfrng-rSW 

according to the invention a cooling agent is contained in a cooling chamber in a first step SI. 
When this helium exceeds a pressure diflference of 320 mbar , for example, above the 
atmospheric pressure in decision Dl, a part of said helium is transferred to a helium storage 
in a step S2. In this helium storage it is stored in a step S3 until it is determined in D2, that 
the pressure difference between cooling chamber antf atmosphere is below or etiual 280 
mbar, for example. As soon as this condition is fulfilled, a part of the helium stored in the 
storage is returned to the cooling chamber in a step S4. 

Alternatively the cooling chamber and the helium storage can be connected by 
a respective pipe, allowing an exchange of gaseouis cooUng agent and keeping the pressure in 
the cooling chamber and the helium storage at equal levels at any time. By this, the transfer 
and the retransfer of the helium is easily performed without any control means but simply by 
way of leveling out the pressure inside the connected volumes of the cooling chamber and the 
helium storage. 

Referring now to Fig, 4, showing a second preferred embodiment of the 
cooling method according to the invention, in similar steps SI and decision Dl the cooUng 
agent is stored and a decision is made depending on the pressure difference between the 
cooling chamber and the atmosphere. If the condition of Dl is fiilfilled, the cooling agent is 
transferred to a compressor in a step S2a. Afterwards, the cooling agent is compressed to a 1 
maximum pressure of 1 OObar above atmospheric pressure in a step S2b and transferred to the i 
cooling agent storage in a step S2c. 

Similar to the embodiment of Fig. 3, the cooling agent is stored in the storage 
in a step S3 and depending on a decision D2, similar to Fig. 3, it is transferred in a step S4a to 
a throttle. In this throttle, the cooling agent is decompressed to a pressure of 300mbar above 
atmospheric pressure in a step S4b and afterwards returned to the cooling chamber in a step 
S4c. 

The invention provides a coolmg device for MR apparatus, in particular for 
apparatus adapted for zero-boil-ofF operation, which is adapted to avoid any release of 
cooling agent, even if the cooling power of the refiigerator of the cooling device decreases 
and undergoes the heat transfer mto the cooling chamber for a longer time period. By ttiis, 
Gosts-dae4o>the^eed-fo«efillingxQolang4tgent^ Th e l i mit ed re s ource s of 



PHDE020224EPP 



11 15.10.2002 
conunonly used cooling agents, such as helium, are not wasted. The method according to the 
invention allows for efficient use of cooling agents and can be appUed in known MR 
apparatus as well as in newly designed MR apparatus without adding e^ensive equipmeat 
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CLAIMS: 



1 . A cooling device for cooling a superconducting coil assembly in an MR 

apparatus, comprising: 

a cooling chamber adapted to contain a cooling agent which is in thermal 

contact with the superconducting coil assembly, 

» • • 

5 - a refrigerator for cooling the cooling agent, 

characterized by 

a cooling agent storage in flmd connection with the cooling chamber, the 
cooling agent storage being adapted 

to take up cooling agent from the cooling chamber, when at least a part of the 
10 cooling agent in the cooling chamber exceeds a first predetermined temperature and 

to return cooling agent to the cooling chamber when at least a part of the 
cooling agent in the cooling chamber remains under or is equal to a second predetermined 
temperature. 

15 2. A cooling device according to claim 1 , wherein the cooling chamber is 

adapted to contain coohng agent in a Uquid and a gaseous condition and the fluid connection 
is connected to a part of the cooling chamber which is adapted to contain gaseous cooling 
agent. 

20 3. A cooling device according to claim 1 , wherein the refrigerator has a cooling 

power sufficient to compensate heat transfer into the cooling chamber in regular condition, to 
allow zero-boil-off operation. 

4- A cooling device according to claim 1, comprising means for controlling the 

25 take up and return of the cooling agent by a signal derived from the pressure of the cooling 
agent in the cooling chamber. 

5. A cooling device according to claim 1 or 2, wherein the refrigerator comprises 

a cooling surface in thermal contact with the cooling agent, the cooling surface extending 
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into the cooling chamber, in particular into that part of the cooling chamber which is adapted 
to contain gaseoxis cooling agent. 

s: A"co©liHg7l«vi^e"ac^^ 

5 includes a gasometer for storing the cooling agent at a constant predetermined pressure. 

7. A cooling device according to claim 1, wherein the cooling agent storage 

comprises: 

a pressure tank in fluid connection with the cooling chamber for taking up*the 
10 compressed cooling agent, 

a compressor means interposed in a fluid connection between the cooling 
chamber and the pressure tank for compressing the cooling agent exiting the cooling chamber 
and 

a pressure reduction means interposed in a fluid connection between the 
15 cooling chamber and the pressure tank for reducing the pressure of the cooling agent 
returning to the cooling chamber. 

8. A cooling device according to claim 1, wherein the cooling agent storage is 
adapted to contain the cooling agent in a gaseous condition. 

20 

9. A cooling device according to claim 1, wherein Uie cooling chamber and the 
cooling agent storage are adapted to contain helium as cooling agent. 

10. A cooling method for cooling a superconducting coil assembly in an MR 

25 apparatus, wherein the superconducting coil assembly is cooled using a cooling agent being 
in thermal contact with the superconducting coil assembly in a cooling chamber, the cooling 
agent bemg cooled by a refrigerator, characterized by the steps of 

transferring cooling agent from the cooling chamber to a cooling agent storage 
whCT a predetermined temperature is exceeded in at least a part of the cooling agent in the 

30 cooling chamber, 

returning cooling agent from the cooling agent storage to the cooling chamber 
when the temperature of at least a part of the cooling agent in the cooling chamber is equal or 
less than the predetemiined temperature. 
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i 1 . A cooling method according to claim 10, wherein the cooling agent is in 

gaseous and liquid condition in the cooling chamber and the transfer and return of the cooling 
agent in the gaseous condition is controlled using a signal derived from the pressure of the 
cooling agent inside the cooling chamber and 
S the cooling agent is transfenred from the cooling chamber to the cooling agent 

storage when a first predetemiined pressure is exceeded in the cooling chamber and 

the cooling agent is returned firom tibie cooling agent storage to the cooling 
chamber when the pressure of the cooling agent in the cooling chamber is equal or less than a 
second predetermined prfessure. • ' 

10 

12. A cooling method according to claim 10, wherein the transferred cooling agent 

is 

compressed to be stored in a compressed state outside the cooling chamber 

and 

IS - decompressed to be returned into the cooling chamber. 



13. An MR apparatus, conoprising a superconducting magnet having a 

superconducting coil assembly and a cooling device according to claim 1 for cooling said 
superconducting coil assembly. 
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ABSTRACT: 



The invention relates to a cooling method for cooling a superconducting coil 

assembly in a MR apparatus, wherein the superconducting coil assembly 10 is cooled using a 

cooling agent 41, 42 being in thermal contact with the superconducting coil assembly in a 

cooling chamber 20, the cooling agent being cooled by a refrigerator 50, with the steps of 
• « • 

5 transferring S2 cooling agent from the cooling chamber to a cooling agent storage when a 
predetermined temperature is exceeded in at least a part of the cooling agent in the cooling 
chamber, returning S4 cooling agent from the cooling agent storage to the cooling chamber 
when the temperature of at least a part of the cooling agent in the cooling chamber is equal or 
less than the predetermined temperature. The invention fiirther relates to a a cooling device 

10 for performing the cooling method and to a MR apparatus with a respective cooling device. 
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